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11 Fen Management and Research Perspectives:
An Overview
Beth Middleton, Ab Grootjans, Kai Jensen,
Harry Olde Venterink, and Katalin Margóczi
11.1 Introduction
A fen has vegetation that is actively forming peat and is fed by ground- or sur-
face water (Joosten and Clarke 2002). In Europe a “fen meadow” is a ground-
or surface water-fed mown grassland that does not form peat, since it was
formed after modest drainage of a fen or it developed on a predominantly
moist soil (Grootjans and Van Diggelen 1995). Therefore, fens and fen mead-
ows are considered to be different ecosystems by most European authors.
Others do not make a distinction between fens and fen meadows because the
species composition of both ecosystems may overlap considerably (Wheeler
et al. 1995). In North America, fens dominated by tussock-forming sedges are
referred to as “sedge meadows”, which are often grazed. Since there is not yet
scientific agreement on whether sedge meadows are fens or fen meadows, we
will refer to them as fens in this chapter.
Fens are the most diverse temperate community types (Bedford and God-
win 2003). The biodiversity of fens is threatened by agricultural and urban
development, fragmentation, hydrologic changes, shifts in grazing and mow-
ing, structural changes in vegetation, and reproductive problems related to
isolated populations. Species are declining in numbers in fens in Europe and
North America. Estimates of species lost, for example, from the United King-
dom, are that 95–98 % of species-rich fens present before 1940 have been lost
(García 1992). Similar losses are reported for France (Muller et al. 1998) and
the Netherlands (Jansen et al. 2000).
The fragmentation of fens occurs via agricultural and urban development;
and as these encroach, the wetlands become smaller and more isolated
because of hydrological modification (Figs. 11.1, 11.2). In particular, any alter-
ation in surface water flow from streams and rivers creates a barrier to seed
dispersal (Galatowitsch and van der Valk 1996; Middleton 1999). Species loss
occurs because of the lack of habitat (Bedford and Godwin 2003), but also
because of reproductive problems associated with small population sizes (Ell-
strand and Elam 1993; Fischer and Stöcklin 1997). While these problems
might be alleviated by the reconnection of dispersal corridors (Taylor et al.
1993), higher amounts of dispersal between these disconnected wetlands
could contribute to more opportunities for an invasion of exotic species in
North America, where invasive species in wetlands are a major problem
(Galatowitsch et al. 1999).
Water quality and sedimentation patterns can be altered by agricultural
and urban development; and these changes contribute to shifts in species
composition in fens. Sedimentation is on the increase in fens adjacent to cities
in the Midwestern United States; and this encourages invasive species
(Phalaris arundinacea, Typha x glauca) at the expense of Carex stricta
(Werner and Zedler 2002). Urban water runoff increases the amounts of N
and P in the surface water, and subsequently, the biomass of T. x glauca
increases. C. stricta does not increase in biomass, so that fens with urban
runoff become dominated by T. x glauca (Woo and Zedler 2002). The nutrient
dynamics in fens changed with land use changes. Atmospheric nitrogen
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Fig. 11.1 Mire distribution in Central Europe under natural conditions (Succow 1988;
reproduced by permission of Fischer Verlag, Jena). Only peatlands exceeding 300 ha have
been included. Black 3D bogs, gray 3D fens
deposition, in particular, increased 3- to 10-fold during the past decades in
these wetlands (Olde Venterink et al. 2001, 2002). Eutrophication causes
increases in the plant biomass of certain species and contributes to the
encroachment of large herbaceous and woody species (Bobbink and Roelofs
1995).
11.2 Hydrological Systems of Fens
Fens with similar vegetation types exist in very different landscapes and soil
conditions. Small sedge vegetation with many Red List species (Caricion
davallianae, i.e., species of alkaline fens), for instance, occur in coastal dune
slacks on sandy soils (Ranwell 1959), in brook valleys of the European low-
lands on peat soils (Succow and Joosten 2001), but also in calcareous spring
mires in alpine regions of Europe (Ellenberg 1986).
Hydrological systems can create similar habitats within a wide range of
landscapes. Groundwater fed fens are “flow through” systems, in which nutri-
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Fig. 11.2 Distribution of North American fens (Bedford and Godwin 2003; reproduced
by permission of Society of Wetland Scientists)
ents become less available for plant growth due to geochemical changes along
the flow paths of the groundwater (Fig. 11.3).
11.2.1 Large and Small Hydrological Systems
Much research has been done on the hydrological conditions of fen systems
(Komer 1994; Wassen et al. 1996; Van Diggelen 1998; Jansen et al. 2000; Schot
et al. 2004). Some authors present very detailed hydrological research in
species-rich fens on mineral soils, a case in which most of the groundwater
comes from a very small catchment area (Jansen et al. 2000), while others
worked in very large mire systems, like the Biebrza in Poland (Wassen et al.
1996) and the Ob River in Russia (Loos and Schipper 2003; Fig. 11.4). Some-
times the surface area of a fen is rather small, but the catchment area supply-
ing the fen with groundwater is very large. This is often the case with fens and
spring mires that are supplied with artesian water, originating from large
aquifers in which the water flow has been blocked due to shifting of geologi-
cal strata (Van Andel and Arondson 2005). Fens are very vulnerable to erosion
by groundwater flow. The digging of drainage ditches may result in the down-
cutting of the ditch channel, which effectively lowers the local water table
within the fen. The peat may begin to decompose and erode into the ditch.
After the ditch is established, the degradation process may be very difficult to
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Fig. 11.3 Schematic presentation of a through-flow dune slack on the Dutch Wadden Sea
island. 1 Incoming calcium and iron-rich groundwater, 2 exfiltration of groundwater in
a vegetation zone with sedges, 3 surface flow and precipitation of iron and CaCO3 in a
zone where nutrient-poor pioneer vegetation persists, 4 infiltration of iron- and cal-
cium-poor surface water in a Phragmites australis stand, 5 sulfate reduction during infil-
tration (after Adema 2002; reproduced by permission of Opulus Press)
contain, and may result in the total destruction of the mire (Wolejko et al.
1994). Due to rapid peat mineralization, these systems become very eutrophic
and tall herbs (such as Urtica dioica), shrubs, and trees move in quickly
(Wolejko et al. 1994).
11.2.2 Natural Fens Can Be Very Stable
Fens are mires that receive water from the mineral surroundings and hence
respond to changes in regional hydrology. Large fens, however, also raise their
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Fig. 11.4 The fen meadow community Cirsio–Molinietum (indicated by stars) occurs in
the Netherlands under various hydrological conditions. A Heathland pool situated above
shallow loam layer with groundwater supply from local sand ridges, B local (small)
hydrological system with through flow of groundwater, C artificial hydrological system
with lateral discharge of calcareous surface water from large canals, D surface water sys-
tem with discharge of calcareous surface water from ditches (modified after Jansen et al.
2000; reproduced by permission of Opulus Press)
water level and that of their surroundings autogenously, leading to the expan-
sion of fens on progressively higher positions in the landscape. Such rising
water levels may also result in the gradual paludification of hitherto dry
upland depressions and may even reverse water flow from groundwater
recharge to groundwater discharge conditions (Succow and Joosten 2001).
Due to their thick and rather flexible peat layer, such fens became increas-
ingly more resilient during the course of their long-term development and
remained in a more or less stable situation for several centuries, despite con-
siderable climatological and hydrologic changes. They only changed charac-
ter when certain hydrological thresholds were crossed, the exact magnitude of
these thresholds being dependent on the stage of mire development. Schult
(2002) carried out detailed palynological research in the Trebel area and
found that between 8000 and 7000 years BP, a terrestrialization mire devel-
oped in a calcareous lake, with species such as Menyanthes trifoliata, Cladium
mariscus, and Carex rostrata. At this stage, small amounts of CaCO3 (traver-
tine) were deposited. Between 7000 BP and 5000 BP, a groundwater-fed fen
developed on top of this young mire, with predominantly moss species, such
as Drepanocladus spp, Homalothecium nitens, and Meesia triquetra. Menyan-







































































Fig. 11.5 Temperature profile and vegetation composition across a small Slovak spring
mire near the High Tatra Mountains. The species coverage was estimated using a
Braun–Blanquet cover/abundance scale (Grootjans, unpublished data)
thes trifoliata remained present throughout this period and small sedges such
as C. diandra and C. limosa also occurred. Chalk deposition occurred until ca.
3000 BP and then stopped. This developmental sequence was remarkably sta-
ble; and similar results have been found in Western Germany (Schwaar 1980)
and Poland (Wassen and Joosten 1996).
Nowadays such vegetation types are very rare and chalk deposition is
almost no longer found in the North German lowlands. However, remnants of
these vegetation types can still be found in the mountain areas of Bavaria
(Germany) and Slovakia. Here we find relatively small calcareous spring
mires, where travertine is still being formed in pools with Drepanocladus spp,
Menyanthes trifoliata, and Chara spp. This travertine formation is a rather
recent phenomenon in some wetlands and mainly occurs in oligotrophic (cal-
careous) pools where supersaturated groundwater discharges (Grootjans et
al. 2005). During summer the surface water of these pools is warmed
(Fig. 11.5). Outgassing occurs and CaCO3 precipitates. Especially moss species
and some water plants, such as Chara spp, can accelerate this travertine for-
mation by using the high concentration of CO2 in the pools as a carbon
source. CaCO3 precipitates on the leaves and is later added to the soil (Van
Breemen and Buurman 2002). The added travertine prevents acidification
and associated eutrophication in the soil and sustains a very high biodiversity
in such fens. However, such small groundwater-fed systems are vulnerable to
hydrological changes in the landscape and also to climatic change. These
small groundwater-fed fens can easily shift from peat-forming systems
toward eroding stages within a short period of time (Wolejko et al. 1994).
11.2.3 Hydrochemical Processes Stabilizing the Biodiversity of Fens
Formerly, hydrological systems that provided natural fens with a large supply
of base-rich groundwater were able to stabilize nutrient poor fen vegetation
for many centuries, without any management by man. However, during the
past few centuries, almost all fens have been slightly drained and changed into
low-productive meadows and pastures that cannot be maintained without
management (Kotowski 2002). When large hydrological changes in the sur-
rounding landscape occur, the through-flow of anaerobic groundwater should
be re-established to restore the high biodiversity of fen species. A relatively
slow groundwater flow in fen systems is essential for maintaining a high bio-
diversity. Slow-flowing groundwater prevents erosion and stimulates the pre-
cipitation of iron and CaCO3 in the root zone, thus stabilizing nutrient cycling
at a low level (Lamers et al. 2002; Olde Venterink et al. 2001, 2002). The study
of historical descriptions and well preserved remnants of fen systems may
prove very helpful in understanding why some systems can easily maintain a
high biodiversity and why other cannot perform this function.
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11.3 Eutrophication in Fens
Eutrophication is considered one of the main factors contributing to the loss
of biodiversity in fens in Western Europe, because increased nutrients are
related to increased productivity and the competitive exclusion of shorter
species. Species-rich communities of low productivity are eventually trans-
formed into communities of high productivity dominated by a few tall sedges,
grasses or shrubs (Grime 1979). This increased dominance of tall herbaceous
and woody species occurred both in Europe and North America, not only due
to eutrophication, but also because of changes in rural land usage related to
grazing (Middleton 2002a) and drainage (Wheeler et al. 1995; Grootjans et al.
1996).
11.3.1 Change in Management
After 1945, agriculture shifted away from small farms and moved toward
larger mechanized ones that no longer utilized fens for pastures (Middleton
2002a) or hay-mowing (García 1992). After that, the short diverse vegetation
shifted toward communities dominated by woody and tall herbaceous
species. These changes in vegetation structure are directly attributable to the
cessation of cattle grazing and mowing. Especially after moderate to heavy
grazing, shrubs and trees grow and shade the rarer fen species (Middleton
2002a, b).
Strategies for dealing with these changes in community structure and
related losses in biodiversity have taken different routes in Europe and North
America. Managers in North America control the dominance of woody and
tall species with fire, whereas European managers rely on mechanical mowing
and hay removal (Schrauzer et al.1996). Fire temporarily increases the species
richness, flowering and seed set of fen species in North America (Middleton
2002b). Because eutrophication is a contributing factor in the growth of these
large fen species, fire may also be useful because it removes nutrients such as
nitrogen from the system. Similarly, hay removal also removes nutrients from
these systems, which eventually may lead to phosphorus limitation, and is
therefore of value in maintaining the biodiversity of fens (Verhoeven et al.
1996; Tallowin and Smith 2001).
11.3.2 Change in Nutrient Budgets
The increase in productivity in fens is the result of increased availabilities of
potentially growth-limiting nutrients such as nitrogen (N), phosphorus (P),
and potassium (K; Verhoeven et al. 1996; Van Duren and Pegtel 2000). To
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Fig. 11.6 Annual N, P, and K fluxes into, out of, and within the root zone of low-produc-
tive species-rich meadows and highly productive species-poor meadows.All fluxes are in
kg N, P, or K per hectare per year (Olde Venterink et al. 2002; reproduced by permission
of the Ecological Society of America)
understand the causes of nutrient enrichment and evaluate the effects of
management, one should have insight into annual nutrient budgets, i.e., the
rates of nutrient fluxes into and from external sources as well as net release
rates of nutrients in the soil (Koerselman et al. 1990).
Olde Venterink et al. (2001, 2002) quantified N, P, and K budgets along pro-
ductivity gradients in fens to evaluate the importance of atmospheric deposi-
tion, flooding, groundwater flow, leaching, and soil release rates. Differences
in N availability along productivity gradients were caused by release rates in
the soil (mineralization; Fig. 11.6). Besides N release in the soil, atmospheric
N deposition made up large proportions of the annual N budgets. P and K
availabilities along the productivity gradients were mainly influenced by soil
processes, as indicated by soil extractable nutrient. The input and output
fluxes of nutrients by groundwater flow were very low, while the input by
flooding seemed only important for K (Fig. 11.6). However, it should be noted
that the input of nutrients adsorbed to sediment was not included in the
flooding assessment, which could be a very important input source of P in
fens (Mitsch et al. 1979). The dominant role of soil processes in setting nutri-
ent availabilities along the productivity gradients demonstrated that human
alterations of site conditions, such as drainage, have been a major cause of
nutrient enrichment for N, P, and K (Olde Venterink et al. 2002). Furthermore,
considering that atmospheric N deposition has increased from 5–20 kg N ha–1
year–1 (Erisman and Draaijers 1995) to an average 43 kg N ha–1 year–1 in this
part of Europe (Fig. 11.6), increased atmospheric N deposition also has been
a major source of nutrient enrichment.
The long-term effects of annual hay-harvesting on nutrient limitation were
also assessed by Olde Venterink et al. (2002). In fens with low productivity, N
output by hay-harvesting accounted for N input from atmospheric deposi-
tion, whereas there was a net output of P and K (Fig. 11.7; Olde Ventervink et
al. 2002). At highly productive sites, hay-harvesting resulted in net output of
N, P, and K (Koerselman et al. 1990). When the annual nutrient output was
expressed as percentages of the total soil pools, it was found that net output of
K (1–20 % of soil K pool) was mostly much larger than that of P (generally
0.5–3.0 %) or N (0–3 %). Hence, in the long-term, hay-harvesting seems to
induce K limitation, particularly when they are drained for a long time (Van
Duren et al. 1981; Van Duren and Van Andel 1997).
11.3.3 Internal Eutrophication
More intensive agricultural use not only leads to lowered water tables but also
to increased concentrations of NO3– and SO42– in ground- and surface water.
Effects of water table alterations receive much attention, but there is confu-
sion about its consequences for nutrient kinetics. Desiccation often leads to
eutrophication in peatlands (Grootjans et al. 1996). However, this is not always
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true. Fens that are limited by P and K, in particular, usually respond to
drainage with a decreased productivity. This had already been noticed by
Russian researchers in the early 1930s during the communist period, when
extensive mires were reclaimed for agriculture. They found a marked
decrease in groundwater-fed fens after drainage (Ozushko 1934, cited in
P’yavchenko 1976). Ozushko warned: “that money invested in drainage, is
wasted unless the drained area is then used for the cultivation of agricultural
crops”. At that time, Russian agro-scientists already knew that P and K were
limiting in many drained mires and not N.
Restoring desiccated fens is not simply a matter of increasing water levels.
Recent research shows that rewetting with sulfate-rich surface water, in par-
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Fig. 11.7 Net annual output of N, P, and
K by hay-harvesting as a percentage of
the total N, P, and K pools in the soil
(0–10 cm), in relation to the above-
ground biomass of vascular plants in
fens (open circles) and meadows (filled
circles) (Olde Venterink et al. 2002;
reproduced by permission of the Eco-
logical Society of America)
ticular, may lead to increased eutrophication in fens. High SO42– availability
can induce PO43– mobilization in wetland soils. This may occur when the for-
mer discharge of iron-rich groundwater is not restored. In such a case, the
groundwater is replaced by sulfate-rich surface water. When the water stag-
nates, all oxygen is consumed and sulfate reduction is stimulated when the
outside temperatures are sufficiently high. Sulfate reduction produces sul-
fides, which in the presence of iron form FeSx (pyrite). PO43– bound to iron
hydroxides is then released to the pore water or the stagnating water body
(Smolders et al. 1995; Lamers et al. 1998).
Although the active manipulation of the internal mobilization of nutrients
has been practiced since medieval times by farmers trying to improve their
crop yield by regular flooding with surface water, present biogeochemical
research in peatlands often overlooks the alterations in nutrient mobilization
rates due to such anthropogenic water quality changes. Flooding with surface
water during the summer, in particular, can be very harmful for species-rich
fens and may result in the rapid growth of tall grasses, such as Phalaris arun-
dinacea or Glyceria maxima. Periodic local desiccation of the sediment dur-
ing the summer, which is a natural phenomenon in fens, is important in sul-
fate-rich wetlands because this determines the ability of the soil to retain
phosphates. The oxidation of FeSx again increases the reactive Fe3+ concentra-
tion, stimulating P-binding in the top layer (Lucassen et al. 2004a).
The role of increased NO3– levels in the groundwater due to intensive agri-
cultural fertilization is complex. Nitrate may increase the redox potential but
also leads to a higher binding capacity of P due to FeS oxidation. A high input
of nitrate inhibits SO42– reduction because it is a more favorable electron
acceptor and also the oxidation of FeSx will increase the sulfate levels. So, high
nitrate levels in the groundwater may counteract the negative effects of high
sulfate concentrations. On the one hand, NO3– leaching into the groundwater
increases the risk of eutrophication of groundwater discharge areas by mobi-
lizing SO42–, in FeSx-containing soils or aquifers. On the other hand, high con-
centrations of NO3– may prevent P eutrophication (Lucassen et al. 2004b). As
a rule of thumb, to avoid eutrophication due to internal release of nutrient in
fens, one should not increase surface water tables above the potential ground-
water table.
11.4 Seed Bank and Seed Dispersal
An increase in species richness over time following restoration depends on
the environmental site conditions and on seed availability, germination, and
survival. Fine-tuning of the environmental conditions for restoration is
already a difficult task, but very often seed availability and also seed disper-
sal are restricting restoration prospects considerably (Bakker et al. 1996).
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When degeneration processes have been taken place for a long time, seed
banks might have been depleted and ways to introduction of locally extinct
species have to be considered. Sometimes lack of seed availability can be
improved by stimulating natural dispersal processes, such as flooding (Mid-
dleton 1999).
11.4.1 Seed Banks
Wet grassland species have a limited ability to regenerate by seed, because
these species usually have only transient seed banks (Bekker et al. 1997, 2000)
and seeds of rare and endangered species also have a comparatively low per-
sistence (Fischer and Stöcklin 1999). In addition, seed dispersal distances are
usually low (Bullock et al. 2002; Soons 2004) and thus it can be questioned
whether seed persistence and dispersal significantly contribute to the restora-
tion of species-rich wet grassland communities.
Jensen (1998) analyzed seed banks and the local seed rain of abandoned
wet grasslands and found that the (anemochorous) seed rain of the investi-
gated sites was indeed dominated by species of the aboveground vegetation,
implying that long-distance seed dispersal by wind is a rather rare event in
this habitat type. In contrast, the seed bank of late successional stages, in
which most typical wet grassland species had disappeared in the vegetation,
always contained some elements of the typical wet grassland flora. These
results at least partly contradict the hypotheses of transient seed banks of
most grassland species. Jensen’s research group, therefore, carried out seed
burial experiments to examine directly the seed mortality and longevity of
approximately 45 species of the regional fen flora (Schütz 1997, 1998, 1999;
Jensen 2004a, b; Brändel 2004a, b). These studies revealed that the mortality of
artificially buried seeds of most species was low, that only a few species exhib-
ited transient seed banks, and that the seeds of almost half of the investigated
species were able to persist in the soil for at least five years (i.e., these seed
banks were long-term and persistent). To explain such differences in seed
longevity estimates, Jensen (2004b) compared the seed-longevity estimates
for a set of 230 herbaceous wetland species from Northern Germany using
different methods of seed bank analysis (e.g., burial experiments vs classic
soil seed bank sampling) and various (indirect) indicators for seed bank clas-
sification (presence/absence in vegetation and seed bank, depth distribution
in the soil; see Thompson et al. 1997). This analysis showed that burial exper-
iments generally resulted in the highest longevity estimates. The criterion
stated as “presence in the vegetation, but absence in the seed bank” is the cri-
terion used by Thompson et al. (1997) to classify a species as “transient”.
However, many species classified as transients in this way had unrealistically
low longevity estimates. From these results, it can be concluded that many
typical wet grassland species are able to persist at least some years as viable
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seeds in the soil. We may conclude that much more experimental evidence is
needed to develop realistic criteria for estimating seed longevity of soil seed
banks.
11.4.2 Seed Dispersal
Water is an important dispersal vector and a number of studies have quanti-
fied hydrochorous seed dispersal in wetlands, such as clear streams in an
alpine zone (Bill et al. 1999), forested temperate wetlands (Middleton 2000),
boreal rivers (Andersson and Nilsson 2002), and a small lowland river
(Boedeltje et al. 2003).All these studies revealed that running water might dis-
perse seeds over quite long distances. Vogt et al. (2004) analyzed the hydro-
chorous seed dispersal in a fen in Northern Germany (Eider Valley) by means
of seed traps. This two-year study revealed very large temporal and spatial
variation in both quantity (seed number) and quality (species composition)
of the hydrochorous seed transport. Overall, seeds of almost 200 different taxa
were found in the traps, which is over 60 % of the regional species pool. Seed
transport was dominated by (common) species which were abundant along
the river shores, but rare and regionally endangered species were also present,
albeit only in low quantities. Wind dispersal may also be important in these
wetlands and human effects on landscapes, including habitat fragmentation
and eutrophication, may affect the colonization capacity of species (Soons et
al. 2004).
11.5 Fen Restoration: An Example From Hungary
11.5.1 Introduction
Restoration provides a way to offset some habitat loss for the rare species of
fens and other wetland habitats (Middleton 1999; Grootjans et al. 2002;
Lamers et al. 2002; Wheeler et al. 2002), particularly because more than 50 %
of the world’s wetlands have been lost (Munro 1988). Few specific estimates of
loss for fens have been made in North America, but in some regions of the
United States fen loss exceeds 40 % (Bedford and Godwin 2003). In Europe,
less than 1 % of the original mire area has remained in most countries
(Joosten and Clarke 2002), although some countries have some floodplain
wetlands that are nearly natural (e.g., Turkey, Romania, France; Wenger et al.
1990). In eastern European countries, some 10–50 % of the former mire area
still remains. In some Scandinavian countries, European Russia, and Roma-
nia, the mires are the best preserved (>50 % of the mires remaining). On a
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world scale, mire losses are highest in Europe due to its high population pres-
sure on nature and the climatic suitability for agriculture and forestry. In
Hungary, in particular, wetland losses are large. It is estimated that 97 % of the
natural wetlands have been drained and converted to agricultural fields (Lájer
1998); and many of the remaining wetlands are damaged. While the restora-
tion of fens may be a way to offset these worldwide losses of fens and related
biodiversity loss, few examples exist of successful fen restoration, so this
example from Hungary is of interest to our discussion.
11.5.2 Destruction and Restoration of a Fen System in Hungary
Fen restoration is less commonly attempted than some other types of restora-
tion, possibly because of the difficulties of reestablishing the hydrology asso-
ciated with groundwater. One attempt to restore fens has been made in the
Hanság, a wetland that was once the largest fen system in the Carpathian
basin of Hungary (55 000 ha; Szenkendi 1938). Before the nineteenth century,
several rivers from the Alps flowed into the Danube valley, disappeared into
the huge floating fen system, and re-appeared at the outflow. Local people
used the biological resources of the fen for fishing, hunting, collecting eggs of
water birds, hay-making, and reed-harvesting. However, human settlements
and agricultural fields near the fen were continuously threatened by inunda-
tion, so attempts were made to drain the Hanság, beginning in the nineteenth
century. Despite drainage and disturbance, the Hanság retained large patches
of natural vegetation in the wet meadows and forests; and the vegetation of
aquatic communities survived in drainage channels. Because of its natural
value, the Hanság was designated a protected natural area in 1976 and in 1994
as the Fertő–Hanság National Park. It is within this park that the restoration
project was conducted.
To restore the wetlands, managers of the Fertő–Hanság National Park re-
flooded 400 ha of poor quality grassland, with the support of the Hungarian
and Dutch governments. To re-engineer the restoration sites, dikes were built
around the three separate wetlands. Gravity transported water through sluices
from the river Rábca and the channel Kismetszés (Fig. 11.8). The first and sec-
ond units were flooded in spring 2001 and the third unit in autumn 2001. The
water-level has stayed constant at 0–100 cm above the soil surface. While a
floating fen was not restored by this procedure, a wetland with an open-water
habitat was created for water-birds and fen plants. Invasive plant species such
as Solidago gigantea were reduced in the restored wetland.
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11.5.3 Monitoring and Evaluation of the Created Wetland
Monitoring of the restoration site was conducted in two ways, including field
sampling and remote sensing. Field surveys of the vegetation were conducted
by recording percent cover within 5 ¥ 5 m phytosociological relevés along 21
permanent transects, 100 m long each, during 2001–2003. To create maps of
vegetation change over time, fine resolution aerial orthophotos were com-
pared every third year following the hydrologic restoration and a GIS data-
base was developed. A rough vegetation map was made before the flooding
began. The main vegetation types before flooding included fen meadows with
large sedges (57 % Carex riparia, C. acutiformis), wet meadows (28 % Alopecu-
rus pratensis, Festuca arundinacea), and reeds (5 % Phragmites australis, Glyc-
eria maxima; Takács and Margóczi 2002). Important shifts in vegetation type
were apparent during the first three years of flooding (Fig. 11.9). During the
second year of flooding, upland vegetation disappeared; the area of the Typha,
aquatic plants, and open water increased, while the area dominated by sedges
decreased.
Natural wetland communities have redeveloped in the Ferto–Hanság
National Park and are an attractive breeding and feeding area for birds. How-
ever, the hydrology is considerably different from the original fen, so the nat-
ural plant communities undoubtedly differ from those communities present
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Fig. 11.8 Map of the restoration area, showing the location of permanent transects, in the
Hanság fens of the Fertő–Hanság National Park, Hungary (Margóczi, unpublished data).
before the drainage of the ancient fen. While fen vegetation is not expected to
re-develop, the Hanság National Park will continue to monitor the wetland
restoration. Among the challenges that the managers of this national park
face is that the restoration site is surrounded by agricultural lands, so that a
considerable amount of water management and soil conservation in the
regional landscape may be necessary to save the natural values of these wet-
lands.
11.6 Concluding Remarks
In times without much human influence, fen development was remarkably
stable and vegetation types existed for centuries until they were replaced by
meadows and alder wood. Nowadays fens cannot be maintained without
management such as mowing or grazing. Nevertheless biochemical mecha-
nisms exist that can retard a rapid succession to shrubs and forest. Such
mechanisms are governed by subtle hydrological systems that keep the fen in
a good condition.
A prerequisite for successful nature management is the creation of suitable
habitat conditions (nutrient status, hydrology). There will be no adequate fen
restoration without a proper assessment of the hydrological functioning of
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Fig. 11.9 Area (ha) of the main vegetation types in the flooded units (Units 1–3) in the
Hanság fens, Hungary, in 2003. Area sizes were computed using raster statistics from the
GIS database (Margóczi, unpublished data)
the fen system. It is very important that stagnation of surface water in the
summer is prevented in restoration projects dealing with desiccated fens, in
particular when the groundwater or surface water is rich in sulfate. The best
option, which is not always available, is to stimulate the discharge of unpol-
luted (sulfate- and nitrate-poor) groundwater in such a way that this ground-
water can flow through the system, leaving iron behind to contain the phos-
phates in the top soil.
Management measures are needed to counterbalance, for instance, the
increased annual nitrogen input from atmospheric deposition. This may be
accomplished by annual hay-harvesting, but it should be realized that hay-
harvesting may induce a shift in the type of nutrient limitation, which also
may affect biodiversity (Olde Venterink et al. 2003).
From studies on soil seed banks and seed dispersal, we may conclude that,
until now, both seed persistence in the soil and dispersal distances of wet
grassland species have been rather underestimated. Both types of seed
sources can be manipulated by nature management, both in conservation and
restoration projects. For successful restoration, both temporal (time since
alteration of the habitat) and spatial (degree of fragmentation/isolation)
aspects have to be taken into account.
We may expect that, in the near future, large areas on low-lying peat soils
in large part of Europe and North America can no longer be maintained as
intensely used agricultural areas. This offers good opportunities for the devel-
opment of eutrophic marshes, as in our example of the Hungarian wetland
restoration. The reflooding of former agricultural areas usually results in very
eutrophic soil conditions (Richert et al. 2000), in particular when the surface
water is rich in sulfates and the soil has been iron-depleted due to long-term
drainage. Under such conditions persistent marsh species, such as Glyceria
maxima, Typha spp, and Phalaris arundinacea can expand rapidly, but these
species do not usually form peat, although they can rapidly form highly pro-
ductive marsh vegetation, suitable to sustain large populations of waterfowl.
To restore the peat-forming function of the mire, the vegetation should con-
sist of marsh species with less easily degradable tissue (Phragmites australis,
tall Carex spp; Richert et al. 2000). Restoring all of the fen qualities and func-
tions will not be possible in many cases where restoring the hydrological sys-
tem is not yet an option. Setting clear targets which can meet the opportuni-
ties presented, combined with a realistic strategy for future possibilities, may
prevent much disappointment. A well explained modest result sometimes
does more good for the public support than a scientifically sound project that
lacks community or administrative support.
B. Middleton et al.264
References
Adema EB, Grootjans AP, Petersen J, Grijpstra J (2002) Alternative stable states in a wet
calcareous dune slack in The Netherlands. J Veg Sci 13:107–114
Andersson E, Nilsson C (2002) Temporal variation in the drift of plant litter and propag-
ules in a small boreal river. Freshwater Biol 47:1674–1684
Bakker JP, Poschlod P, Strykstra RJ, Bekker RM, Thompson K (1996) Seed banks and seed
dispersal: important topics in restoration ecology. Acta Bot Neer 45:461–490
Bedford BL, Godwin KS (2003) Fens of the United States: distribution, characteristics,
and scientific connection versus legal isolation. Wetlands 23:608–629
Bekker RM,Verweij GL, Smith REN, Reine R, Bakker JP, Sneider S (1997) Soil seed banks
in European grasslands: does land use affect regeneration perspectives? J Appl Ecol
34:1293–1310
Bekker RM, Verweij GL, Bakker JP, Fresco LFM (2000) Soil seed bank dynamics in hay-
field succession. J Ecol 88:594–607
Bill HC, Poschlod P, Reich M, Plachter H (1999) Experiments and observations on seed
dispersal by running water in an alpine floodplain. Bull Geobot Inst ETH 65:13–28
Bobbink R, Roelofs JGM (1995) Nitrogen critical loads for natural and semi-natural
ecosystems: The empirical approach. Water Air Soil Pollut 85:2413–2418
Boedeltje G, Bakker JP, Bekker RM,Van Groenendael JM, Soesbergen M (2003) Plant dis-
persal in a low-land stream in relation to occurrence and three specific life-history
traits of the species in the species pool. J Ecol 91:855–866
Brändel M (2004a) The role of temperature in the regulation of dormancy and germina-
tion of two related summer-annual mudflat species. Aquat Bot 79:15–32
Brändel M (2004b) Dormancy and germination of heteromorphic achenes of Bidens
frondosa. Flora 199:228–233
Bullock JM, Moy IL, Pywell RF, Coulson SJ, Nolan AM, Caswell H (2002) Plant dispersal
and colonization processes at local and landscape scales. In: Bulock JM, Kenward RE,
Hails RS (eds) Dispersal ecology. Blackwell Science, London, pp 297–302
Ellenberg H (1986) Vegetation Mitteleuropas mit den Alpen. Ulmer, Stuttgart
Ellstrand NC, Elam DR (1993) Population genetic consequences of small population
size: implication for plant conservation. Annu Rev Ecol Syst 234:217–242
Erisman JW, Draaijers GPJ (1995) Atmospheric deposition in relation to acidification
and eutrophication. Elsevier, Amsterdam
Fischer M, Stöcklin J (1997) Local extinctions of plants in remnants of extensively used
calcareous grasslands 1950–1985. Conserv Biol 11:727–737
Fischer M, Stöcklin J (1999) Plants with longer-lived seeds have lower local extinction
rates in grassland remnants. Oecologia 120:539–543
Galatowitsch SM, Valk AG van der (1996) The vegetation of restored and natural prairie
wetlands. Ecol Appl 6:102–112
Galatowitsch SM,Anderson NO,Ascher PD (1999) Invasiveness in wetland plants in tem-
perate North America. Wetlands 14:733–755
García A (1992) Conserving the species-rich meadows of Europe. Agric Ecosyst Environ
40:219–232
Grime JP (1979) Plant strategies and vegetation processes. Wiley, Chichester
Grootjans AP, Diggelen R van (1995) Assessing the restoration prospects of degraded
fens. In: Wheeler BD, Shaw SC, Foyt WJ, Robertson RA (eds) Restoration of temperate
wetlands. Wiley, Chichester, pp 73–90
Grootjans AP,Van Wirdum G, Kemmers RF,Van Diggelen R (1996) Ecohydrology in The
Netherlands; principles of an application driven interdiscipline. Acta Bot Neerl
45:491–516
Fen Management and Research Perspectives: An Overview 265
Grootjans AP, Bakker JP, Jansen AJM, Kemmers RM (2002) Restoration of brook valley
meadows in The Netherlands. Hydrobiologia 478:149–170
Grootjans AP, Alserda A, Bekker RM, Janáková M, Kemmers RF, Madaras M, Stanova V,
Ripka J, Van Delft B, Wolejko L (2005) Calcareous spring mires in Slovakia; jewels in
the crown of the mire kingdom. In: Steiner G (ed) Moore von Sibirien bis Feuerland.
Biologiezentrum, Linz–Dornach, pp 97–116
Jansen AJM, Grootjans AP, Jalink M (2000) Hydrology of Dutch Cirsio–Molinietum
meadows: prospects for restoration. Appl Veg Sci 3:51–64
Jensen K (1998) Species composition of soil seed bank and seed rain of abandoned wet
meadows and their relation to aboveground vegetation. Flora 139:345–359
Jensen K (2004a) Dormancy patterns, germination ecology, and seed-bank type of
twenty temperate fen grassland species. Wetlands 24:152–166
Jensen K (2004b) Longevity of soil seed banks of fen species of Northwest Germany; a
review (in German). Ber Reinhold Tuexen Ges 16:17–28
Joosten H, Clarke D (2002) Wise use of peatlands. International Mire Conservation
Group/International Peat Society, Jyväskylä
Koerselman W, Bakker SA, Blom M (1990) Nitrogen, phosphorus and potassium budgets
for two small fens surrounded by heavily fertilized pastures. J Ecol 78:428–442
Komer SC (1994) Geochemistry and hydrology of a calcareous fen within the Savage Fen
wetland complex, Minnesota, USA. Geochem Cosmochem Acta 58:3353–3367
Kotowski W (2002) Fen communities; ecological mechanisms and conservation strate-
gies. PhD thesis, University of Groningen, Groningen
Lájer K (1998) Introduction to the vegetation ecology of the Hungarian fens (in Hungar-
ian). Tilia 6:84–238
Lamers LPM, Tomassen HBM, Roelofs JGM (1998) Sulphate-induced eutrophication and
phytotoxicity in freshwater wetlands. Environ Sci Technol 32:199–205
Lamers LPM, Smolders AJP, Roelofs JGM (2002) The restoration of fens in the Nether-
lands. Hydrobiologia 478:107–130
Loos S, Schipper A (2003) Hydrological and hydrochemical system analysis of Ob valley
mire (Western Siberia) (in Dutch with English summary). Landschap 20:33–37
Lucassen ECHET, Crommenacker J van de, Roelofs JGM (2004a) Effects of stagnating
sulphate-rich water on the mobility of phosphorus in freshwater wetlands: a field
experiment. Arch Hydrobiol 160:117–131
Lucassen ECHET, Smolders AJP,Van der Salm AL, Roelofs JGM (2004b) High groundwa-
ter nitrate concentrations inhibit eutrophication of sulphate-rich freshwater wet-
lands. Biochemistry 67:249–267
Middleton BA (1999) Wetland restoration, flood pulsing and disturbance dynamics.
Wiley, New York
Middleton BA (2000) Hydrochory, seed banks, and regeneration dynamics along the
landscape boundaries of a forestered wetland. Plant Ecol 146:169–184
Middleton BA (2002a) Nonequilibrium dynamics of sedge meadows grazed by cattle in
southern Wisconsin. Plant Ecol 161:89–110
Middleton BA (2002b) Winter burning and the reduction of Cornus sericea in sedge
meadows in southern Wisconsin. Restor Ecol 10:1–8
Mitsch WJ, Dorge CL, Wiemhoff JR (1979) Ecosystem dynamics and phosphorus budget
of an alluvial cypress swamp in southern Illinois. Ecology 60:1116–1124
Muller S, Dutoit T, Alard D, Grevilliot F (1998) Restoration and rehabilitation of species-
rich grassland ecosystems in France: a review. Restor Ecol 6:94–101
Munro DA (1988) Wetlands conservation – world wide. In: Zelazny J, Feierabend JS (eds)
Increasing our wetland resources. National Wildlife Federation,Washington, D.C., pp
20–23
B. Middleton et al.266
Olde Venterink H, Vliet RE van der, Wassen MJ (2001) Nutrient limitation along a pro-
ductivity gradient in wet meadows. Plant Soil 234:171–179
Olde Venterink H, Pieterse NM, Belgers JDM, Wassen MJ, Ruiter PC de (2002) N, P and K
budgets along nutrient availability and productivity gradients in wetlands. Ecol Appl
12:1010–1026
Olde Venterink H, Wassen MJ, Verkroost AWM, Ruiter PC de (2003) Species richness-
productivity patterns differ between N-, P- and K-limited wetlands. Ecology
84:2191–2199
P’Yavchenko NI (1976) Interrelations of forest and bog. Amerind Publishing, New Delhi
Ranwell DS (1959) Newborough Warren, Anglesay, I. The dune system and dune slack
habitat. J Ecol 47:571–601
Richert M, Dietrich O, Koppisch D, Roth S (2000) The influence of rewetting on vegeta-
tion development and decomposition in a degraded fen. Restor Ecol 8:185–196
Schot P, Dekker S, Poot A (2004) The dynamic form of rainwater lenses in drained fens. J
Hydrol 293:74–84
Schrautzer J, Asshoff M, Müller F (1996) Restoration strategies for wet grasslands in
northern Germany. Ecol Eng 7:255–278
Schult M (2002) The development of percolation mires; an example the Trebel valley
mire near Kirch-Baggendorf in northern Germany (in German). MSc thesis, Botani-
cal Institute, University of Greifswald, Greifswald
Schütz W (1997) Primary dormancy and annual dormancy cycles in seeds of six temper-
ate wetland sedges. Aquat Bot 59:75–85
Schütz W (1998) Seed dormancy cycles and germination phenologies in sedges (Carex)
from various habitats. Wetlands 18:288–297
Schütz W (1999) Germination responses of temperate Carex-species to diurnally fluctu-
ating temperatures – a comparative study. Flora 194:21–32
Schwaar J (1980) Sind die hygro- und xerokliner Phasen der Hochmoorbildung und bes-
timmte Phasen de Niedermoorbildung synchrone Vorgange gleicher Ursache? In:
Wilmanns O, Tüxen R (eds) Epharmonie. Ber Int Symp Int Ver Vegetationsk
1980:95–116
Smolders AJP, Nijboer RC, Roelofs JGM (1995) Prevention of sulphide accumulation and
phosphate mobilization by the addition of iron (II) chloride to a reduced sediment:
an enclosure experiment. Freshwater Biol 34:559–568
Soons MB, Nathan R, Katul GG (2004) Human effects on long-distance wind disperal and
colonization by grassland plants. Ecology 85:3069-3079
Succow M (1988) Landschaftökologische moorkunde (Landscape ecological mire
research). Fischer, Jena
Succow M, Joosten H (eds) (2001) Landschafsökologische moorkunde, 2nd edn.
Schweizerbart’sche Verlagsbuchhandlung, Stuttgart
Szekendi F (1938) History of the drainage attempts of the Hanság and Fertő (in Hungar-
ian). Spec Diss Fac Philos Reg Hung Univ Elisabethinae Quinqeecclesiensis 126
Takács G, Margóczi K (2002) Biodiversity monitoring of the habitat reconstruction in
South-Hansag (in Hungarian). Ferto-Hanság National Park, Sarrod
Tallowin JRB, Smith REN (2001) Restoration of a Cirsio-Molinietum fen meadow on an
agricultural improved pasture. Restor Ecol 9:167–178
Taylor PD, Fahrig L, Henein G, Merriam G (1993) Connectivity is a vital element of land-
scape structure. Oikos 68:571–573
Thompson K, Bakker JP, Bekker RM (1997) The soil seed banks of north west Europe:
methodology, density and longevity. Cambridge University, Cambridge
Van Andel J, Arondsen J (2005) Restoration ecology; the new frontier. Blackwell, Oxford
Van Breemen N, Buurman P (2002) Soil formation, 2nd edn. Kluwer, Dordrecht
Fen Management and Research Perspectives: An Overview 267
Van Diggelen R (1998) Moving gradients: assessing restoration prospects of degraded
brookvalleys. PhD thesis, University of Groningen, Groningen
Van Duren IC, Pegtel DM (2000) Nutrient limitations in wet, drained and rewetted fen
meadows: evaluation of methods and results. Plant Soil 220:35–47
Van Duren IC, Van Andel J (1997) Nutrient deficiency in disturbed, drained and rewet-
ted peat soils tested with Holcus lanatus. Acta Bot Neerl 46:377–386
Van Duren L, Bakker JP, Fresco LFM (1981) From intensively agricultural practices to
hay-making without fertilization.Vegetatio 47:241–258
Verhoeven JTA, Koerselman W, Meuleman AFM (1996) Nitrogen- or phosphorus-limited
growth in herbaceous, wet vegetation: relations with atmospheric inputs and man-
agement regimes. Trends Evol Ecol 11:494–497
Vogt K, Rasran L, Jensen K (2004) Water-borne seed transport and seed deposition dur-
ing flooding in a small river-valley in Northern Germany. Flora 1999:377–388
Wassen MJ, Joosten JHJ (1996) In search of a hydrological explanation for vegetation
changes along a fen gradient in the Biebrza Upper Basin (Poland). Vegetatio
124:191–209
Wassen MJ, Diggelen R van, Verhoeven JTA, Wolejko L (1996) A comparison of fens in
natural and artificial landscapes.Vegetatio 126:5–26
Wenger EL, Zinke A, Gutzweiler K-A (1990) Present situation of the European floodplain
forests. For Ecol Manage 33/34:5–12
Werner KJ, Zedler JB (2002) How sedge meadow soils, microtopography, and vegetation
respond to sedimentation. Wetlands 22:451–466
Wheeler BD, Shaw SC, Fojt W, Robertson RA (1995) Restoration of temperate wetlands.
Wiley, Chichester
Wheeler BD, Money RP, Shaw SC (2002) Freshwater wetlands. In: Perrow MR, Davy AJ
(eds) Handbook of ecological restoration, volume 2: restoration in practice. Cam-
bridge University, Cambridge, pp 325–354
Wolejko L, Aggenbach C, Diggelen R van, Grootjans AP (1994) Vegetation and hydrology
in a spring mire complex in western Pomerania, Poland. Proc R Acad Sci 97:219–245
Woo I, Zedler JB (2002) Can nutrients alone shift a sedge meadow towards dominance by
the invasive Typha x glauca? Wetlands 22:509–521
B. Middleton et al.268
